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© External-cavity tunable wavelength light source using semiconductor laser having phase 
adjustment area 



© In an external-cavity tunable wavelength light 
source using a semiconductor laser (LD), an oscilla- 
tion wavelength is tuned by simultaneously changing 
a current to be injected to the phase adjustment area 
of the LD and the rotation angle of a diffraction 
grating while holding the same external cavity lon- 

agitudinal mode. A light beam emitted from the AR- 
coated end face of the LD (6) having the phase 
If} adjustment area (6b) is collimated by a lens (2) and 
^ incident on the diffraction grating (3). Only a light 
O component having a specific wavelength selected 
1^ upon spectral dispersion is reflected by the diffrac- 
00 tion grating (3) and returns to the LD (6). With this 
*0 operation, an external cavity (effective cavity length 
© K) is formed between the LD (6) and the diffraction 
n grating (3). thereby performing laser oscillation at a 
m wavelength determined by an external cavity longitu- 
dinal mode and the cavity loss of the diffraction 
grating (3). The effective cavity length K can be 



changed in accordance with the current to be in- 
jected to the phase adjustment area (6b). A current 
injection unit (7) injects the current to the phase 
adjustment area. An oscillation wavelength control 
unit (8) controls the injection current output from the 
current injection unit (7) and the rotation angle of the 
diffraction grating (3). 




FIG. 1 
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The present invention relates to an external- 
cavity tunable wavelength light source using a 
semiconductor laser and, more particularly, to a 
tunable wavelength light source capable of tuning 
the oscillation wavelength of a laser beam with a 5 
high reproducibility and a high resolution. 

The present invention also relates to an exter- 
nal-cavity tunable wavelength light source using a 
semiconductor laser and. more particularly, to a 
tunable wavelength light source which uses a semi- w 
conductor laser having a phase adjustment area to 
achieve size reduction of the apparatus. 

A light source for selecting a wavelength by an 
external diffraction grating is conventionally known 
as a typical external-cavity tunable wavelength light 75 
source using a semiconductor laser. FIG. 8 is a 
block diagram showing the arrangement of this 
prior art. 

Referring to FIG. 8, a light beam emitted from 
the AR-coated (AR: Anti-Reflection) end face of a 20 
semiconductor laser (LD) 1 is collimated by a lens 
2 and incident on a diffraction grating 3. The light 
beam is spectrally dispersed, and only a light com- 
ponent having a specific wavelength returns to the 
LD 1 (to be described later). With this operation, a 25 
cavity (external cavity) is formed between an end 
face of the LD 1, which is not AR-coated, and the 
diffraction grating 3, and laser oscillation is per- 
formed at a wavelength determined by a cavity 
length L. The output laser beam is emitted from the 30 
end face of the LD 1, which is not AR-coated. 

The principle of laser oscillation will be de- 
scribed below. 

The diffraction angle of a light beam incident 
on the diffraction grating 3 changes in accordance 35 
with its wavelength. More specifically, a wavelength 
X for obtaining an exit angle 0 satisfies the follow- 
ing relation: 

mx = d(sine + sin/3), (m is a diffracted order = 0, 40 
±1.±2,...) (1) 

where d is the grating constant of the diffraction 
grating 3, and $ is the incident angle to the diffrac- 
tion grating 3, as shown in FIG. 9. 45 

From the light beam incident on the diffraction 
grating 3, a light component having a wavelength 
satisfying 0 = £ in accordance with equation (1) 
returns to the LD 1, thereby forming an external 
cavity (cavity length L). The wavelength oscillated 50 
at this time is determined by the gain spectrum (A) 
of the LD 1 , the wavelength characteristics (B) of a 
cavity loss which is mainly determined by the 
characteristics of the diffraction grating 3, and an 
external cavity longitudinal mode (C) determined 55 
by optical phase conditions, as shown in FIG. 10. 
More specifically, an external cavity longitudinal 
mode for maximizing a value obtained by subtrac- 



ting the loss (B) from the gain (A) oscillates. In FIG. 
10, oscillation longitudinal modes are external cav- 
ity longitudinal modes (D) and (E). 

The external cavity longitudinal mode is a con- 
dition for forming a standing wave upon reciproca- 
tion of a light beam in the cavity, which is given by 
the following equation: 

nX = 2L (n is a natural number, and L is the above- 
described cavity length) (2) 

An external cavity longitudinal mode spacing 
AX at this time is represented as follows: 

AX = X 2 /2L (3) 

The wavelength characteristics (B) of the cavity 
loss can be changed, as indicated by a dotted line 
in FIG. 10, by changing the incident angle e to the 
diffraction grating 3 in FIG. 8. Additionally, the 
wavelength of the external cavity longitudinal mode 
(C) can be changed by moving the diffraction grat- 
ing 3 along the moving direction shown in FIG. 8 
(in other words, by changing the cavity length L). 

Therefore, in the prior art shown in FIG. 8, a 
laser beam having a designated wavelength Xs can 
be output from the LD 1 in the following manner. 

(1) A rotating shaft 4 of the diffraction grating 3 
is rotated to equalize the wavelength of the laser 
beam incident from the diffraction grating 3 onto 
the LD 1 with the designated wavelength Xs. 

That is, the incident angle 6 is changed to 
satisfy equation (1). 

(2) The rotating shaft 4 of the diffraction grating 
3 is moved along a guide groove 5 to adjust the 
cavity length L such that equation (2) is satis- 
fied. 

The adjustment (2) must be performed once 
when a wavelength is to be oscillated at the exter- 
nal cavity longitudinal mode spacing AX shown in 
FIG. 10. However, when a wavelength is to be 
oscillated within the external cavity longitudinal 
mode spacing AX, the adjustment must be per- 
formed whenever the wavelength changes. 

The tunable wavelength light source apparatus 
with the arrangement as shown in FIG. 8 poses the 
following problems. 

To adjust the cavity length L (in other words, to 
oscillate a waveform within the external-cavity lon- 
gitudinal mode spacing AX) as in the adjustment 
(2), the rotating shaft 4 of the diffraction grating 3 
must be moved along the guide groove 5. For this 
purpose, an electrically driven actuator, a piezo- 
electric element, or the like is used, which me- 
chanically changes the cavity length L and poses 
the following problems. 
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(a) Use of Actuator 

(a1) The reproducibility of the oscillation 
wavelength tends to be degraded because of 
backlash of the actuator. 5 
(a2) It is difficult to precisely set the resolution 
of the oscillation wavelength because the ac- 
tuator has difficulty in finely setting a length. 
The reproducibility and resolution of the oscilla- 
tion wavelength will be exemplified as detailed val- 10 
ues. 

A change in wavelength AX* when the cavity 
length L is changed by only AL is represented as 
follows: 

75 

AV = X x (AL/L) (4) 

where X is the initial wavelength. 

When the cavity length L is set to 30 mm, the 
initial wavelength X is set to 1.55 urn which is often 20 
used in a communication band, and a highly pre- 
cise compact actuator having normal performance 
such as a length reproducibility of 1 urn and a 
length resolution of 20 nm is used as an actuator, 
the reproducibility and resolution of the oscillation 25 
wavelength are obtained in accordance with equa- 
tion (4). 

The reproducibility of the oscillation wavelength 
is represented as follows: 

30 

AV = (1.55x10-*) x {(1x10-*)/(30x10- 3 )}^ 50 



pm (5) 

The resolution of the oscillation wavelength is 
represented as follows: 35 

AX' = (1.55x10-*) x {(20x10- 9 )/(30x10- 3 )}^ 1 
pm (6) 



(b) Use of Piezoelectric Element 

The reproducibility of the oscillation wavelength 
is degraded because of the hysteresis of the piezo- 
electric element (free to extend upon application of 45 
a voltage). A practical value will be exemplified 
below. 

When a normal piezoelectric element having a 
hysteresis of 10% with respect to the variable 
width of the length is used, and the variable width 50 
of the length is set to 2 urn, the length reproduc- 
ibility is obtained as follows: 

(2x10-*) x 0.1 = 0.2 urn (7) 

55 

When L = 30 mm, and X = 1.55 urn, the 
reproducibility of the oscillation length can be cal- 
culated from the above result and equation (4) as 



follows: 

AX' = (1.55x10-*) x {(0.2x10-*)/(30x10- 3 )}*=i 10 
pm (8) 

The practical vaJues of the reproducibility and 
resolution of the oscillation wavelength in cases (a) 
and (b) are poorer than those of the present inven- 
tion (to be described later) by about 10 to 50 times. 

in addition, in the tunable wavelength light 
source with the above arrangement, a driving com- 
ponent (not shown in FIG. 8) such as an electrically 
driven actuator or a piezoelectric element is at- 
tached to the diffraction grating 3 to move the 
rotating shaft 4 of the diffraction grating 3 along the 
guide groove 5, thereby adjusting the cavity length 
L, as described in (2) (in other words, oscillating a 
wavelength within the external-cavity longitudinal 
mode spacing AX). 

As a result, the guide groove 5, the driving 
component, and the like are needed to adjust the 
cavity length L. An increase in number of compo- 
nents results in a bulky apparatus and a complex 
driving method. The increase in number of compo- 
nents and the mechanical nature of the driving 
component adversely affect the reliability. 

It is, therefore, an object of the present inven- 
tion to provide a new and improved tunable 
wavelength light source which can solve the above 
problems and realize a high-performance tunable 
wavelength light source with a high reproducibility 
and a high resolution by a simple control manner. 

It is another object of the present invention to 
provide a high-performance tunable wavelength 
light source which can solve the above problems 
and tune an oscillation wavelength by a simple 
control manner. 

According to a first aspect of the present in- 
vention, there is provided a tunable wavelength 
light source, comprising: 

a semiconductor laser having first and second 
end faces capable of emitting a laser beam and 
opposing each other, and a phase adjustment area, 
the first end face being AR-coated; 

a diffraction grating, arranged on an optical 
path of the laser beam emitted from the first end 
face, for spectrally dispersing the laser beam emit- 
ted from the first end face of the semiconductor 
laser and returning only a light component having a 
specific wavelength to the first end face, thereby 
forming an external cavity having a cavity length 
corresponding to a distance between the second 
end face of the semiconductor laser and a spectral 
dispersion surface of the diffraction grating, the 
external cavity oscillating an external cavity longitu- 
dinal mode based on the cavity length; 

current injection means for injecting a current 
to the phase adjustment area of the semiconductor 
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laser, thereby changing an effective cavity length of 
the external cavity; and 

oscillation wavelength control means for con- 
trolling a current value to be injected from the 
current injection means and controlling a 
wavelength to be selected by the diffraction grating 
so as to oscillate a light beam having a desired 
wavelength between the external cavity longitudinal 
modes in order that the wavelength of the laser 
beam emitted from the second end face of the 
semiconductor laser can be changed while holding 
a predetermined cavity length of the external cav- 
ity. 

According to a second aspect of the present 
invention, there is provided a tunable wavelength 
light source, comprising: 

a semiconductor laser having first and second 
end faces opposing each other and a phase adjust- 
ment area, the first end face being capable of 
emitting a laser beam and AR-coated, and the 
second end face being HR-coated; 

a diffraction grating, arranged on an optical 
path of the laser beam emitted from the first end 
face, for spectrally dispersing the laser beam emit- 
ted from the first end face of the semiconductor 
laser and returning only a light component having a 
specific wavelength to the first end face, thereby 
forming an external cavity having a cavity length 
corresponding to a distance between the second 
end face of the semiconductor laser and a spectral 
dispersion surface of the diffraction grating, the 
external cavity oscillating an external cavity longitu- 
dinal mode based on the cavity length; 

current injection means for injecting a current 
to the phase adjustment area of the semiconductor 
laser, thereby changing an effective cavity length of 
the external cavity; and 

oscillation wavelength control means for con- 
trolling a current value to be injected from the 
current injection means and controlling a 
wavelength to be selected by the diffraction grating 
so as to oscillate a light beam having a desired 
wavelength between the external cavity longitudinal 
modes in order that the wavelength of the laser 
beam emitted from a direction of total reflection of 
the diffraction grating can be changed while hold- 
ing a predetermined cavity length of the external 
cavity. 

According to a third aspect of the present 
invention, there is provided a tunable wavelength 
light source, comprising: 

a semiconductor laser having first and second 
end faces capable of emitting a laser beam and 
opposing each other, and a phase adjustment area, 
the first end face being AR-coated; 

a reflector, having a wavelength selectivity for 
receiving the laser beam emitted from the first end 
face of the semiconductor laser and reflecting only 



a light component having a specific wavelength of 
the laser beam to the first end face and arranged 
on an optical path of the laser beam emitted from 
the first end face to form an external cavity having 
5 a cavity length corresponding to a distance be- 
tween the second end face of the semiconductor 
laser and a reflection surface of the reflector, the 
external cavity oscillating an external cavity longitu- 
dinal mode based on the cavity length; 

io current injection means for injecting a current 
to the phase adjustment area of the semiconductor 
laser, thereby changing an effective cavity length of 
the external cavity; and 

oscillation wavelength control means for con- 

75 trolling a current value to be injected from the 
current injection means and controlling a 
wavelength to be selected by the reflector so as to 
oscillate a light beam having a desired wavelength 
between the external cavity longitudinal modes in 

20 order that the wavelength of the laser beam emit- 
ted from the second end face of the semiconductor 
laser can be changed while holding a predeter- 
mined cavity length of the external cavity. 

According to a fourth aspect of the present 

25 invention, there is provided a tunable wavelength 
light source, comprising: 

a semiconductor laser having first and second 
end faces opposing each other and a phase adjust- 
ment area, the first end face being capable of 

do emitting a laser beam and AR-coated, and the 
second end face being HR-coated; 

a reflector, having a wavelength selectivity for 
receiving the laser beam emitted from the first end 
face of the semiconductor laser and reflecting only 

35 a light component having a specific wavelength of 
the laser beam to the first end face and arranged 
on an optical path of the laser beam emitted from 
the first end face to form an external cavity having 
a cavity length corresponding to a distance be- 

40 tween the second end face of the semiconductor 
laser and a reflection surface of the reflector, the 
external cavity oscillating an external cavity longitu- 
dinal mode based on the cavity length; 

current injection means for injecting a current 

45 to the phase adjustment area of the semiconductor 
laser, thereby changing an effective cavity length of 
the external cavity; and 

oscillation wavelength control means for con- 
trolling a current value to be injected from the 

so current injection means and controlling a 
wavelength to be selected by the reflector so as to 
oscillate a light beam having a desired wavelength 
between the external cavity longitudinal modes in 
order that the wavelength of the laser beam emit- 

55 ted from a direction of total reflection of the reflec- 
tor can be changed while holding a predetermined 
cavity length of the external cavity. 
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More specifically, to solve the above problems, 
the first and second aspects of the present inven- 
tion pay attention to the following points. That is, 
when an LD having a phase adjustment area is 
used, and a current to be injected to the phase 
adjustment area is changed, the effective cavity 
length of an external cavity can be changed. In 
addition, when a diffraction grating is rotated about 
its rotating shaft, a predetermined cavity length of 
the external cavity can be maintained. 

Therefore, a tunable wavelength light source 
according to the first and second aspects of the 
present invention comprises an LD having a phase 
adjustment area for changing the effective cavity 
length of an external cavity in accordance with a 
current to be injected, current injection means for 
injecting the current to the phase adjustment area, 
and oscillation wavelength control means for con- 
trolling the current injected from the current injec- 
tion means and the wavelength selected by the 
diffraction grating so as to oscillate the light source 
at a desired wavelength while holding a predeter- 
mined cavity length of the external cavity. 

Note that the cavity length here means the 
cavity length of the external cavity formed between 
an LD having no phase adjustment area (or an LD 
having a phase adjustment area to which no cur- 
rent is injected) and the diffraction grating. There- 
fore, a predetermined cavity length is maintained 
as far as the distance between the LD and the 
diffraction grating is not mechanically changed, as 
indicated by the cavity length L in FIG. 8. 

The effective cavity length means a length 
defined in considering the effective optical path of 
the phase adjustment area, which changes in ac- 
cordance with the current to be injected to the 
phase adjustment area of the LD. Therefore, the 
effective cavity length is electrically changed in 
accordance with the current to be injected to the 
phase adjustment area when a predetermined cav- 
ity length is being held (in other words, the dis- 
tance between the LD and the diffraction grating is 
not mechanically changed). 

In the prior art, the cavity length of the external 
cavity is mechanically changed using an electri- 
cally driven actuator or a piezoelectric element, 
thereby changing the oscillation wavelength. In the 
first and second aspects of the present invention, 
however, the current to be injected to the phase 
adjustment area of the LD is changed (the effective 
cavity length of the external cavity is changed), and 
at the same time, the wavelength (rotation angle) 
selected by the diffraction grating is changed while 
a predetermined cavity length of the external cavity 
is held, thereby changing the oscillation 
wavelength. 

To solve the above problems, the third and 
fourth aspects of the present invention pay atten- 



tion to the following points. That is, when an LD 
having a phase adjustment area is used, and a 
current to be injected to the phase adjustment area 
is changed, the effective cavity length (correspond- 

5 ing to the cavity length L in the prior art) of an 
external cavity formed between the LD and the 
reflector can be changed. 

Therefore, a tunable wavelength light source 
according to the third and fourth aspects of the 

10 present invention comprises an LD having a phase 
adjustment area for changing the effective cavity 
length of an external cavity in accordance with a 
current to be injected, current injection means for 
injecting the current to the phase adjustment area, 

75 and oscillation wavelength control means for con- 
trolling the current to be injected from the current 
injection means and the wavelength selected by a 
reflector having a wavelength selectivity so as to 
oscillate a light beam having a desired wavelength. 

20 Note that the cavity length here means the 
cavity length of an external cavity formed between 
an LD having no phase adjustment area (or an LD 
having a phase adjustment area to which no cur- 
rent is injected) and a reflector having a wavelength 

25 selectivity (e.g., a diffraction grating) 

The effective cavity length means a length 
defined in considering the effective optical path of 
the phase adjustment area, which changes in ac- 
cordance with the current to be injected to the 

30 phase adjustment area of the LD. Therefore, when 
the effective cavity length is changed, the external 
cavity longitudinal mode is changed, thereby tuning 
the oscillation wavelength. 

In the prior art, the cavity length of the external 

35 cavity is mechanically changed using an electri- 
cally driven actuator or a piezoelectric element, 
thereby changing the oscillation wavelength. In the 
third and fourth aspects of the present invention, 
however, the current to be injected to the phase 

40 adjustment area of the LD is changed (the effective 
cavity length of the external cavity is changed), and 
at the same time, the wavelength selected by the 
reflector having a wavelength selectivity is 
changed, thereby changing the oscillation 

45 wavelength. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

so FIG. 1 is a block diagram of a tunable 
wavelength light source according to the first 
embodiment of the present invention; 
FIG. 2 is a view showing the arrangement of a 
two-electrode LD: 

55 FIG. 3 is a graph showing a change in external 
cavity longitudinal mode due to an injection cur- 
rent to a phase adjustment area; 
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FIG. 4 is a flow chart showing a method of 
setting and controlling the injection current to 
the phase adjustment area and the rotation an- 
gle of a diffraction grating; 
FIG. 5 is a graph for explaining the angle setting 
resolution of the diffraction grating and the set- 
ting resolution of the injection current to the 
phase adjustment area; 

FIG. 6 is a graph showing the measurement 
value of a change in refractive index of the 
phase adjustment area; 

FIG. 7 is a block diagram of a tunable 
wavelength light source according to the second 
embodiment of the present invention; 
FIG. 8 is a block diagram showing the arrange- 
ment of a conventional tunable wavelength light 
source; 

FIG. 9 is a view for explaining the operation of a 
diffraction grating; 

FIG. 10 is a graph for explaining the principle of 
oscillation of an external-cavity tunable 
wavelength light source; 

FIG. 11 is a block diagram of a tunable 
wavelength light source according to the third 
embodiment of the present invention; 
FIG. 12 is a view showing the arrangement of a 
two-electrode LD; 

FIG. 13 is a flow chart showing a method of 
setting and controlling an injection current to a 
phase adjustment area and the rotation angle of 
a diffraction grating; 

FIG. 14 is a block diagram of a tunable 
wavelength light source according to the fourth 
embodiment of the present invention; 
FIG. 15 is a block diagram of a tunable 
wavelength light source according to the fifth 
embodiment of the present invention; 
FIG. 16 is a block diagram of a tunable 
wavelength light source according to the sixth 
embodiment of the present invention; 
FIG. 17 is a block diagram of a tunable 
wavelength light source according to the sev- 
enth embodiment of the present invention; and 
FIG. 18 is a view for explaining the relationship 
between a cavity loss and an oscillation side 
mode. 

Reference will now be made in detail to the 
presently preferred embodiments of the invention 
as illustrated in the accompanying drawings, in 
which like reference characters designate like or 
corresponding parts throughout the several draw- 
ings. 

The first and second embodiments of the 
present invention will be described below with ref- 
erence to FIGS. 1 to 7. 



(First Embodiment) 

FIG. 1 is a block diagram of a tunable 
wavelength light source according to the first em- 
s bodiment. The same reference numerals as in the 
prior art denote the same constituent elements in 
FIG. 1. 

Referring to FIG. 1 , an LD 6 is constituted by a 
two-electrode LD having a phase adjustment area 

70 and has an arrangement as shown in FIG. 2. In the 
two-electrode LD 6 shown in FIG. 2, the right area 
is an active area 6a having a light amplification 
function, which performs laser oscillation upon in- 
jection of a current from an electrode 6c. In the 

rs two-electrode LD 6 shown in FIG. 2, the left area is 
a phase adjustment area 6b having a function of 
tuning the wavelength of laser oscillation, in which, 
upon injection of a current from an electrode 6d, 
the refractive index changes due to the free plasma 

20 effect, and the effective optical path of the phase 
adjustment area 6b changes. 

Referring to FIG. 1 , a light beam emitted from 
the AR-coated end face of the LD 6 is collimated 
by a lens 2 and incident on a diffraction grating 3. 

25 Of the light beam spectrally dispersed by the dif- 
fraction grating 3, a wavelength component satisfy- 
ing e = /S in accordance with equation (1) re- 
versely moves along the same optical path and 
returns to the LD. With this operation, an external 

30 cavity {effective cavity length K) is formed between 
the end face of the LD 6, which is not AR-coated, 
and the diffraction grating 3. The external cavity 
performs laser oscillation at a wavelength deter- 
mined by an external cavity longitudinal mode de- 

35 termined by the effective cavity length K, and the 
cavity loss by the diffraction grating 3. 

A current injection unit 7 injects a current to 
the phase adjustment area 6b of the LD 6. With 
this operation, the effective optical path of the 

40 phase adjustment area 6b changes, and the effec- 
tive cavity length K of the external cavity changes 
accordingly. An oscillation wavelength control unit 
8 is constituted by a microprocessor or the like, 
which controls (sets) a current to be injected from 

45 the current injection unit 7 to the phase adjustment 
area 6b on the basis of a designated wavelength Xs 
to be oscillated, and outputs a rotation drive signal 
to the diffraction grating 3, thereby controlling (set- 
ting) an incident angle 0 (selected wavelength) of 

50 the collimated beam onto the diffraction grating 3. 

A case in which the oscillation wavelength is 
tuned will be described. 

Assume that a current to be injected from the 
current injection unit 7 to the phase adjustment 

55 area 6b is fixed to a predetermined value (effective 
cavity length K is fixed), and only the rotation angle 
of the diffraction grating 3 is changed. In this case, 
a wavelength oscillates at an external cavity lon- 
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gitudinal mode spacing determined by the effective 
cavity length K. As shown in FIG. 10, when the 
rotation angle of the diffraction grating 3 is changed 
to change the cavity loss (B) indicated by a solid 
line to that indicated by a dotted line, the oscillation 5 
wavelength changes from the external cavity lon- 
gitudinal mode (D) to the external cavity longitudi- 
nal mode (E). 

Assume that the current to be injected from the 
current injection unit 7 to the phase adjustment w 
area 6b is changed (effective cavity length K is 
changed). In this case, as shown in FIG. 3, the 
initial external cavity longitudinal modes indicated 
by solid lines entirely change to those indicated by 
dotted lines. When the rotation angle of the diffrac- 15 
tion grating 3 is also simultaneously changed, a 
wavelength can also be oscillated within the exter- 
nal cavity longitudinal mode spacing. 

More specifically, when the current to be in- 
jected to the phase adjustment area 6b and the 20 
rotation angle of the diffraction grating 3 are si- 
multaneously changed, the oscillation wavelength 
can be changed from the oscillation longitudinal 
mode indicated by the solid line to that indicated 
by the dotted line in FIG. 3. 25 

In this case, when the wavelength of the exter- 
nal cavity longitudinal mode changes beyond at 
least one external cavity longitudinal mode spacing 
upon injection of a current to the phase adjustment 
area 6b, all wavelengths within a wavelength range 30 
between the external cavity longitudinal modes can 
be oscillated. In other words, an arbitrary 
wavelength (e.g., (F)) between the initial external 
cavity longitudinal modes (D) and (E) can be os- 
cillated, as shown in FIG. 3. 35 

Assuming that the designated wavelength \s is 
to be oscillated, a manner of setting and controlling 
the injection current to the phase adjustment area 
6b and the rotation angle of the diffraction grating 3 
will be described below with reference to steps S1 40 
to S5 and S11 to S14 of the flow chart shown in 
FIG. 4. 

(51) The designated wavelength Xs is set from 
an operation unit 9 such as a keyboard. 

(52) The oscillation wavelength control unit 8 45 
receives the information of the designated 
wavelength Xs, (S11) calculates the incident an- 
gle 6 of the diffraction grating 3, (S12) outputs a 
rotation drive signal corresponding to the in- 
cident angle 6 to the diffraction grating 3, (S13) 50 
calculates the current value to be injected to the 
phase adjustment area 6b of the LD 6, and 
(S14) outputs the injection current value to the 
current injection unit 7. 

Note that the current value is calculated on 55 
the basis of the characteristic data (relationship 
between the designated wavelength Xs and the 
injection current value) of the phase adjustment 



area 6b, which is measured in advance and 
stored in a memory 10 (the memory 10 may be 
incorporated in the oscillation wavelength control 
unit 8). 

(53) The diffraction grating 3 is rotated in accor- 
dance with the rotation drive signal output from 
the oscillation wavelength control unit 8 to set 
the incident angle 6. 

(54) The current injection unit 7 injects the cur- 
rent to the phase adjustment area 6b on the 
basis of the injection current value output from 
the oscillation wavelength control unit 8. 

(55) A laser beam having the designated 
wavelength Xs is oscillated. 

In oscillation of the designated wavelength Xs, 
as described in FIG. 4, if the angle setting resolu- 
tion of the rotation mechanism of the diffraction 
grating 3 for setting the incident angle 6 is lower 
than that of the designated wavelength Xs (setting 
resolution of the current to be injected to the phase 
adjustment area 6b), a wavelength difference AXs 
may be generated between a wavelength Xmin for 
minimizing the cavity loss and the designated 
wavelength Xs in some cases, as shown in FIG. 5. 
In this case, however, as far as the wavelength 
difference AXs is smaller than 1/2 an external cav- 
ity longitudinal mode spacing AX, oscillation is per- 
formed at the designated wavelength Xs. That is, 
the external cavity longitudinal mode set at the 
designated wavelength Xs becomes the oscillation 
longitudinal mode. The diffraction grating 3 using a 
normal rotation mechanism has an angle setting 
resolution for suppressing the wavelength differ- 
ence AXs within a range of AX/2. 

The first embodiment will be described below 
in more detail using practical values. 

Assume that the initial effective cavity length K 
of the external cavity is set to 30 mm, and the 
initial wavelength X is set to 1 .65 urn. At this time, 
the external cavity longitudinal mode spacing AX is 
obtained in accordance with equation (3) as follows: 

AX = X 2 /2L *=i 40 pm (9) 

Assume that, upon current injection from the 
current injection unit 7, the refractive index of the 
phase adjustment area 6b decreases by 0.2% from 
3.5 to 3.493. In this case, when the mechanical 
length of the phase adjustment area 6b is 250 urn, 
the effective optical path of the phase adjustment 
area 6b decreases by 1.75 urn from 875 urn to 
873.25 urn. Therefore, a change in effective cavity 
length K is -1.75 urn. A change in wavelength AX' 
of the external cavity longitudinal mode is obtained 
in accordance with equation (4) as follows: 

AX' = (1.55x10-*) x {(1.75x10-*)/(30x10- 3 )}^ 
90.4 pm (10) 
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In accordance with equation (9), the external 
cavity longitudinal mode spacing AX is calculated 
as 40 pm. Therefore, as described above, tunable 
oscillation can be performed within a wavelength 
range of about 90 pm which is twice or more the 
external cavity longitudinal mode spacing AX while 
holding the same external cavity longitudinal mode. 

FIG. 6 is a graph showing the measurement 
value of a change in refractive index of the phase 
adjustment area 6b when the bias current to be 
injected to the phase adjustment area 6b of the 
two-electrode LD 6 is changed (phase adjustment 
area length: 250 um). As is apparent from FIG. 6, 
when the bias current is set to about 8 mA, a 
change in refractive index of 0.2% as described 
above can be realized. 

In the tunable wavelength light source, it is 
preferable that a wide wavelength tunable range is 
obtained while holding the same external cavity 
longitudinal mode. The following two methods are 
used as a method of extending the tunable range. 

As the first method, the mechanical length of 
the phase adjustment area 6b is increased. When 
the mechanical length of the phase adjustment 
area 6b, which exhibits the characteristics in FIG. 
6, is increased from 250 um to twice the length, 
i.e., 500 um, a change in effective cavity length K 
increases by 1 .5 times from -1 .75 um to -2.625 um 
upon injection of the phase current of about 8 mA. 
Therefore, a wavelength tunable range 1.5 times 
that according to equation (10) can be obtained. 

As the second method, the effective cavity 
length K of the external cavity is decreased. If the 
effective cavity length K is decreased from 30 mm 
to 1/2 the length, i.e., 15 mm, a wavelength tunable 
range twice that according to equation (10) can be 
obtained. In this case, however, the injection cur- 
rent to the phase adjustment area 6b is the same 
as in equation (10). 

The reproducibility and resolution of the oscilla- 
tion wavelength will be described below. 

First of all, the reproducibility of the oscillation 
wavelength will be considered. As for the measure- 
ment value of a change in refractive index in FIG. 
6, a reproducibility within a range of 1% is experi- 
mentally obtained. Therefore, when the wavelength 
is changed as calculated by equation (10), the 
reproducibility of the oscillation wavelength is re- 
presented as follows: 



90.4 pm x 1% < 1 pm 



(11) 



A reproducibility within a range of 1 pm can be 
obtained. This value is better than a value obtained 
in use of a highly precise compact actuator in the 
prior art, i.e., 50 pm (equation (5)) by 50 times or 
more and better than a value obtained in use of a 



piezoelectric element, i.e., 10 pm (equation (8)) by 
ten times or more. 

The resolution of the oscillation wavelength will 
be considered below. When the wavelength 

s changes as calculated by equation (10), the current 
to be injected to the phase adjustment area 6b can 
be realized by a change amount of about 8 mA, as 
described above. At this time, when the current 
injection unit 7 in FIG. 1 controls the bias current to 

70 be injected to the phase adjustment area 6b at a 
resolution of 1 uA, the resolution of the oscillation 
wavelength is represented as follows: 



75 



90.4 pm x (1 uA/8 mA) < 0.02 pm (12) 



A resolution within a range of 0.02 pm can be 
obtained. This value is better than a value obtained 
in use of the highly precise compact actuator in the 
prior art, i.e., 1 pm (equation (6)) by 50 times or 
20 more. 

(Second Embodiment) 

FIG. 7 is a block diagram of a tunable 
25 wavelength light source according to the second 
embodiment. 

This embodiment is different from the first em- 
bodiment in the following point. That is, an end 
face opposing the AR-coated end face of an LD 9 
30 as a two-electrode LD is HR-coated (HR: High- 
Reflection), thereby extracting an output laser 
beam from a direction of Oth-order light (direction 
of total reflection) of a diffraction grating 3. There- 
fore, since the Oth-order light is used as output 
35 light, the output power increases as compared to 
the arrangement in FIG. 1 . 

(Another Embodiment) 

40 In the above two embodiments, if the refractive 
index of the AR-coated end face of the LD 6 (or LD 
9) is large, an internal longitudinal mode (Fabry- 
P6rot mode of a cavity formed between the AR- 
coated end face and the end face which is not AR- 

45 coated) may be generated in the LD 6 (or LD 9), 
and the set externa) cavity longitudinal mode may 
not oscillate. In this case, the following counter- 
measures are taken. 

(1) AR coating at a higher quality is performed 
so on the end face of the LD 6 (or LD 9), which is 

to be AR-coated. 

(2) The diffraction grating 3 having a smaller 
grating constant d (FIG. 9) is used. Alternatively, 
the diameter of the iens 2 is increased to in- 

55 crease the diameter of the beam incident on the 
diffraction grating 3. With these methods, the 
wavelength characteristics of the cavity loss de- 
termined by the characteristics of the diffraction 
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grating 3 are made steeper. That is, Q of the 

diffraction grating 3 is increased. 

As described above, the tunable wavelength 
light source according to the first and second em- 
bodiments of the present invention comprises an 
LD having a phase adjustment area for changing 
the effective cavity length of an external cavity in 
accordance with a current to be injected, a current 
injection unit for injecting the current to the phase 
adjustment area, and an oscillation wavelength con- 
trol unit for controlling the current to be injected 
from the current injection unit and controlling a 
wavelength to be selected by a diffraction grating. 
Therefore, the oscillation wavelength can be tuned 
at a high reproducibility and a high resolution, and 
the operability can also be largely improved. 

The tunable wavelength light source according 
to the first and second embodiments of the present 
invention can be effectively applied to a hetero- 
dyne coherent optical communication system or 
wavelength multiplexing communication system, 
which requires an excellent reproducibility and a 
high resolution. 

The third to seventh embodiments of the 
present invention will be described below with ref- 
erence to FIGS. 11 to 18. 

In these embodiments, a reflector is used in 
place of the diffraction grating used in the first and 
second embodiments. Note that the reflector can 
be realized using a diffraction grating. 

These embodiments can be summarized as 
follows. 

In an external-cavity tunable wavelength light 
source using a semiconductor laser (LD), a current 
to be injected to the phase adjustment area of the 
LD and a wavelength to be selected by a reflector 
are simultaneously changed. With this operation, 
the oscillation wavelength can be tuned while hold- 
ing the same external cavity longitudinal mode. For 
this reason, a light beam emitted from the AR- 
coated end face of the LD having the phase adjust- 
ment area is converted into a parallel beam by a 
lens and incident on the reflector having a 
wavelength selectivity. Only a light component hav- 
ing a specific wavelength is reflected by the reflec- 
tor and returns to the LD. With this operation, an 
external cavity (effective cavity length K) is formed 
between the LD and the reflector, and laser oscilla- 
tion is performed at a wavelength determined by 
the externaJ cavity longitudinal mode and the cavity 
loss of the reflector. Note that the effective cavity 
length K can be changed in accordance with the 
current to be injected to the phase adjustment 
area. A current injection unit injects a current to the 
phase adjustment area. An oscillation wavelength 
control unit controls the injection current output 
from the current injection unit and the wavelength 
to be selected by the reflector. 



(Third Embodiment) 

FIG. 11 is a block diagram of a tunable 
wavelength light source according to the third em- 
5 bodiment. The same reference numerals as in the 
prior art denote the same constituent elements in 
FIG. 11. 

Referring to FIG. 11, an LD 16 is constituted by 
a two-electrode LD having a phase adjustment area 

w and has an arrangement as shown in FIG. 12. In 
the two-electrode LD 16 shown in FIG. 12, the right 
area is an active area 16a having a light amplifica- 
tion function, which performs laser oscillation upon 
injection of a current from an electrode 16c. In the 

75 two-electrode LD 16 shown in FIG. 12, the left area 
is a phase adjustment area 16b having a function 
of tuning the wavelength of laser oscillation, in 
which, upon injection of a current from an electrode 
16d, the refractive index changes due to the free 

20 plasma effect, and the effective optical path of the 
phase adjustment area 16b changes. 

Referring to FIG. 1 1 , a light beam emitted from 
the AR-coated end face of the LD 16 is collimated 
by a lens 2 and incident on a diffraction grating 3. 

25 Note that the diffraction grating 3 constitutes a 
reflector 21 having a wavelength selectivity. Of the 
light beam spectrally dispersed by the diffraction 
grating 3, a wavelength component satisfying $ = 
0 in accordance with equation (1) reversely moves 

30 along the same optical path and returns to the LD 
16. With this operation, an external cavity (effective 
cavity length K) is formed between the end face of 
the LD 16, which is not AR-coated, and the diffrac- 
tion grating 3. The externaJ cavity performs laser 

35 oscillation at a wavelength determined by an exter- 
nal cavity longitudinal mode determined by the 
effective cavity length K, and the cavity loss by the 
diffraction grating 3. 

A current injection unit 17 injects a current to 

40 the phase adjustment area 16b of the LD 16. With 
this operation, the effective optical path of the 
phase adjustment area 16b changes, and the effec- 
tive cavity length K of the external cavity changes 
accordingly. An oscillation wavelength control unit 

45 18 is constituted by a microprocessor or the like, 
which controls (sets) a current to be injected from 
the current injection unit 17 to the phase adjust- 
ment area 16b on the basis of a designated 
wavelength Xs to be oscillated, and outputs a rota- 

so tion drive signal to the diffraction grating 3, thereby 
controlling (setting) an incident angle $ (selected 
wavelength) of the parallel beam onto the diffrac- 
tion grating 3. 

A case in which the oscillation wavelength is 

55 tuned will be described. 

Assume that a current to be injected from the 
current injection unit 17 to the phase adjustment 
area 16b is fixed to a predetermined value (effec- 
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five cavity length K is fixed), and only the rotation 
angle of the diffraction grating 3 is changed. In this 
case, a wavelength oscillates at an external cavity 
longitudinal mode spacing determined by the effec- 
tive cavity length K. As shown in FIG. 10, when the 
rotation angle of the diffraction grating 3 is changed 
to change the cavity loss (B) indicated by a solid 
line to that indicated by a dotted line, the oscillation 
wavelength changes from the external cavity lon- 
gitudinal mode (D) to the external-cavity longitudi- 
nal mode (E). 

Assume that the current to be injected from the 
current injection unit 17 to the phase adjustment 
area 16b is changed (effective cavity length K is 
changed). In this case, as shown in FIG. 3, the 
initial external cavity longitudinal modes indicated 
by solid lines entirely change to those indicated by 
dotted lines. When the rotation angle of the diffrac- 
tion grating 3 is also simultaneously changed, a 
wavelength can also be oscillated within the exter- 
nal cavity longitudinal mode spacing. 

More specifically, when the current to be in- 
jected to the phase adjustment area 16b and the 
rotation angle of the diffraction grating 3 are si- 
multaneously changed, the oscillation wavelength 
can be changed from the oscillation longitudinal 
mode indicated by the solid line to that indicated 
by the dotted line in FIG. 3 while holding the same 
external cavity longitudinal mode. 

In this case, when the wavelength of the exter- 
nal cavity longitudinal mode changes beyond at 
least one external cavity longitudinal mode spacing 
upon injection of a current to the phase adjustment 
area 16b, all wavelengths within a wavelength 
range between the external cavity longitudinal 
modes can be oscillated. In other words, an ar- 
bitrary wavelength (e.g., (F)) between the initial 
external cavity longitudinal modes (D) and (E) can 
be oscillated, as shown in FIG. 3. 

Assuming that the designated wavelength Xs is 
to be oscillated, a method of setting and controlling 
the injection current to the phase adjustment area 
16b and the rotation angle of the diffraction grating 
3 will be described below with reference to steps 
(S21 to S25) and (S211 to S214) in FIG. 13. 

(521) The designated wavelength Xs is set from 
an operation unit 1 9 such as a keyboard. 

(522) The oscillation wavelength control unit 18 
receives the information of the designated 
wavelength Xs, (S211) calculates the incident 
angle 0 of the diffraction grating 3, (S212) out- 
puts a rotation drive signal corresponding to the 
incident angle 6 to the diffraction grating 3, 
(S213) calculates the current value to be in- 
jected to the phase adjustment area 16b of the 
LD 16, and (S214) outputs the injection current 
value to the current injection unit 17. 

Note that the current value is calculated on 



the basis of the characteristic data (relationship 
between the designated wavelength Xs and the 
injection current value) of the phase adjustment 
area 16b, which is measured in advance and 
5 stored in a memory 20 (the memory 20 may be 
incorporated in the oscillation wavelength control 
unit 18). 

(523) The diffraction grating 3 is rotated in ac- 
cordance with the rotation drive signal output 

to from the oscillation wavelength control unit 18 to 
set the incident angle 0. 

(524) The current injection unit 17 injects the 
current to the phase adjustment area 16b on the 
basis of the injection current value output from 

75 the oscillation wavelength control unit 18. 

(525) A laser beam having the designated 
wavelength Xs is oscillated. 

In oscillation of the designated wavelength Xs, 
as described in FIG. 13, if the angle setting resolu- 

20 tion of the rotation mechanism of the diffraction 
grating 3 for setting the incident angle 0 is lower 
than that of the designated wavelength Xs (setting 
resolution for the current to be injected to the 
phase adjustment area 16b), a wavelength differ- 

25 ence AXs may be generated between a wavelength 
Xmin for minimizing the cavity loss and the des- 
ignated wavelength Xs in some cases, as shown in 
FIG. 5. In this case, however, as far as the 
wavelength difference AXs is smaller than 1/2 an 

30 external cavity longitudinal mode spacing AX, os- 
cillation is performed at the designated wavelength 
Xs. That is, the external cavity longitudinal mode 
set at the designated wavelength Xs becomes the 
oscillation longitudinal mode. The diffraction grating 

35 3 using a normal rotation mechanism has an angle 
setting resolution for suppressing the wavelength 
difference AXs within a range of AX/2. 

The embodiment in FIG. 11 will be described 
below in more detail using practical values. 

40 Assume that the initial effective cavity length K 
of the external cavity is set to 30 mm. and the 
initial wavelength x is set to 1.55 urn. At this time, 
the external cavity longitudinal mode spacing AX is 
obtained in accordance with equation (3) as follows: 

45 

AX = X 2 /2L 40 pm (13) 

Assume that, upon current injection from the 
current injection unit 17, the refractive index of the 

so phase adjustment area 16b decreases by 0.2% 
from 3.5 to 3.493. In this case, when the mechani- 
cal length of the phase adjustment area 16b is 250 
urn, the effective optical path of the phase adjust- 
ment area 16b decreases by 1.75 urn from 875 

55 urn to 873.25 urn. Therefore, a change in effective 
cavity length K is -1.75 urn. A change in 
wavelength AX 1 of the external cavity longitudinal 
mode is obtained in accordance with equation (4) 

10 
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as follows: 

AX* = (1.55x10~ 6 ) x {<1.75x10- 6 )/(30x10- 3 )}*=i 
90.4 pm (14) 

In accordance with equation (13), the external 
cavity longitudinal mode spacing AX is calculated 
as 40 pm. Therefore, as described above, tunable 
oscillation can be performed within a wavelength 
range of about 90 pm which is twice or more the 
external cavity longitudinal mode spacing AX while 
holding the same external cavity longitudinal mode. 

FIG. 6 is a graph showing the measurement 
value of a change in refractive index of the phase 
adjustment area 16b when the bias current to be 
injected to the phase adjustment area 16b of the 
two-electrode LD 16 is changed (phase adjustment 
area length: 250 urn). In this embodiment as well, 
as is apparent from FIG. 6, when the bias current is 
set to about 8 mA, a change in refractive index of 

0. 2% as described above can be realized. 

In the tunable wavelength light source accord- 
ing to this embodiment as well, it is preferable that 
a wide wavelength tunable range is obtained while 
holding the same external cavity longitudinal mode. 
The following two methods are used as a method 
of extending the tunable range, as in the first 
embodiment. 

As the first method, the mechanical length of 
the phase adjustment area 16b is increased. When 
the mechanical length of the phase adjustment 
area 16b, which exhibits the characteristics in FIG. 
6, is increased from 250 urn to twice the length, 

1. e., 500 urn, a change in effective cavity length K 
increases by 1.5 times from -1.75 urn to -2.625 urn 
upon injection of the phase current of about 8 mA. 
Therefore, a wavelength tunable range 1.5 times 
that according to equation (14) can be obtained. 

As the second method, the effective cavity 
length K of the external cavity is decreased. If the 
effective cavity length K is decreased from 30 mm 
to 1/2 the length, i.e., 15 mm, a wavelength tunable 
range twice that according to equation (14) can be 
obtained. In this case, however, the injection cur- 
rent to the phase adjustment area 16b is the same 
as in equation (14). 

(Fourth Embodiment) 

FIG. 14 is a block diagram of a tunable 
wavelength light source according to the fourth 
embodiment. 

This embodiment is different from the third 
embodiment (FIG. 11) in the following point. That 
is, an end face opposing the AR-coated end face of 
an LD 19 as a two-electrode LD is HR-coated (HR: 
High-Reflection), thereby extracting an output laser 
beam from a direction of Oth-order light (direction 



of total reflection) of a diffraction grating 3. There- 
fore, since the Oth-order light is used as output 
light, the output power increases as compared to 
the arrangement in FIG. 1 1 . 

5 

(Fifth Embodiment) 

FIG. 15 is a block diagram of a tunable 
wavelength light source according to the fifth em- 

io bodiment. 

In this embodiment, the reflector 21 having a 
wavelength selectivity in the third embodiment 
(FIG. 11) is constituted by a diffraction grating 3 
and a total reflecting mirror 22, and a rotation drive 

75 signal is supplied from an oscillation wavelength 
control unit 18 to the total reflecting mirror 22. 
Wavelength selection by the reflector 21 is per- 
formed by rotating the total reflecting mirror 22 
(rotation angle of the diffraction grating 3 is fixed). 

20 Therefore, a light beam emitted from an LD 16 
is collimated by a lens 2, incident on the diffraction 
grating 3, and spectrally dispersed. The spectrally 
dispersed light beam is incident on the total reflect- 
ing mirror 22, reflected along the same optical 

25 path, and incident on the diffraction grating 3. The 
light beam is spectrally dispersed again and re- 
turns to the LD 16. 

In this case, the light beam emitted from the 
LD 16 is spectrally dispersed twice by the diffrac- 

30 tion grating 3 during one reciprocation in the exter- 
nal cavity. The cavity loss by the diffraction grating 
3 becomes steeper than that during one spectral 
dispersion. Therefore, since the side modes of an 
oscillation mode are suppressed as compared to 

35 those in one spectral dispersion, the monoch- 
romaticity of an output laser beam increases. When 
a cavity loss in one spectral dispersion is repre- 
sented by A in FIG. 18, a cavity loss in twice 
spectral dispersion becomes steeper as represent- 

40 ed by B in FIG. 18. When output level characteris- 
tics in one spectral dispersion are represented by 
C in FIG. 18, output level characteristics in two- 
time spectral dispersion are represented by D in 
FIG. 18. In this case, the side modes are sup- 

45 pressed by only G. 

(Sixth Embodiment) 

FIG. 16 is a block diagram of a tunable 
so wavelength light source according to the sixth em- 
bodiment. 

In this embodiment, the reflector 21 having a 
wavelength selectivity in the third embodiment 
(FIG. 11) is constituted by a diffraction grating 3 
55 and a tunable wavelength filter 23, and a rotation 
drive signal and a drive signal are supplied from an 
oscillation wavelength control unit 18 to the diffrac- 
tion grating 3 and the tunable wavelength filter 23, 
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respectively. Wavelength selection by the reflector 

21 is performed by setting the rotation angle of the 
diffraction grating 3, as in FIG. 11, and controlling 
the tunable wavelength filter 23. Note that an etalon 
filter or a dielectric multilayered filter can be used 5 
as the tunable wavelength filter 23. 

In this case, since a light beam emitted from 
the LD 16 passes through the tunable wavelength 
filter 23 twice, the wavelength is effectively limited, 
and the cavity loss becomes steeper than that in w 
the arrangement having only the diffraction grating 
3. Therefore, as described in the sixth embodi- 
ment, the monochromaticity of the output laser 
beam increases as compared to the arrangement 
having only the diffraction grating 3. ;s 

(Seventh Embodiment) 

FIG. 17 is a block diagram of a tunable 
wavelength light source according to the seventh 20 
embodiment. 

In this embodiment, the reflector 21 having a 
wavelength selectivity in the third embodiment 
(FIG. 11) is constituted by a tunable wavelength 
filter 23 and a total reflecting mirror 22, and a drive 25 
signal is supplied from an oscillation wavelength 
control unit 18 to the tunable wavelength filter 23. 
Therefore, wavelength selection by the reflector 21 
is performed by controlling the tunable wavelength 
filter 23. 30 

(Another Embodiment) 

In the fifth and sixth embodiments, Oth-order 
light can be used to increase the output power, as 35 
in the second embodiment. More specifically, refer- 
ring to FIGS. 15 and 16, the end face of the LD 16, 
which is not AR-coated. is HR-coated, thereby ex- 
tracting the output laser beam from a direction of 
Oth-order light (direction of total reflection) of the ao 
diffraction grating 3. 

In addition, in the seventh embodiment (FIG. 
17), the end face of the LD 16, which is not AR- 
coated, is HR-coated, and the total reflecting mirror 

22 is replaced with a half mirror. With this arrange- 45 
ment, the output laser beam can be extracted from 

this half mirror. 

Furthermore, in the third to seventh embodi- 
ments as well, if the refractive index of the AR- 
coated end face of the LD 16 (LD 19) is large, an so 
internal longitudinal mode (Fabry-P6rot mode of a 
cavity formed between the AR-coated end face and 
the end face which is not AR-coated) may be 
generated in the LD 16, and the set external cavity 
longitudinal mode may not oscillate. In this case, 55 
the following countermeasures are taken, as in the 
first and second embodiments. 



045 A2 22 

(1) AR coating at a higher quality is performed 
on the end face of the LD 16, which is to be AR- 
coated. 

(2) When the reflector 21 includes the diffraction 
grating 3 as a constituent element, the diffrac- 
tion grating 3 having a smaller grating constant 
d (FIG. 9) is used. Alternatively, the diameter of 
the lens 2 is increased to increase the diameter 
of the beam incident on the diffraction grating 3. 
With these methods, the wavelength characteris- 
tics of the cavity loss determined by the char- 
acteristics of the diffraction grating 3 are made 
steeper. That is, Q of the diffraction grating 3 is 
increased. 

(3) When the reflector 21 includes the tunable 
wavelength filter 23 as a constituent element, 
the tunable wavelength filter 23 for making the 
cavity loss steeper is used. 

As described above, the tunable wavelength 
light source according to the third to seventh em- 
bodiments of the present invention comprises an 
LD having a phase adjustment area for changing 
the effective cavity length of an external cavity in 
accordance with a current to be injected, a current 
injection unit for injecting the current to the phase 
adjustment area, and an oscillation wavelength con- 
trol unit for controlling the current to be injected 
from the current injection unit and controlling a 
wavelength to be selected by a reflector having a 
wavelength selectivity such that a desired 
wavelength is oscillated. A driving component for 
mechanically changing the cavity length becomes 
unnecessary. Therefore, size reduction of the ap- 
paratus can be achieved, and the operability can 
also be largely improved. 

Since the number of components such as a 
driving component is reduced, and not a mechani- 
cal method but an electrical method is used to 
change the cavity length, the reliability of the ap- 
paratus can be improved. 

The tunable wavelength light source according 
to the third to seventh embodiments of the present 
invention can be effectively applied to a hetero- 
dyne coherent optical communication system or a 
wavelength multiplexing communication system, 
which requires an excellent reproducibility and a 
high resolution, as in the first and second embodi- 
ments. 

Claims 

1. A tunable wavelength light source having a 
semiconductor laser (6) whose one laser beam 
emission end face is AR-coated, and a diffrac- 
tion grating (3) for receiving a light beam emit- 
ted from said AR-coated end face of said 
semiconductor laser, selecting a specific 
wavelength, and reflecting the light beam to 
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said semiconductor laser, which oscillates an 
external cavity longitudinal mode based on a 
cavity length of an external cavity formed be- 
tween the other light emission end face of said 
semiconductor laser and said diffraction grat- 5 
ing, characterized in that 

said semiconductor laser has a phase ad- 
justment area (6b) and changes an effective 
cavity length of said external cavity upon injec- 
tion of a current to said phase adjustment area, jo 
and said tunable wavelength light source fur- 
ther comprises: 

current injection means (7) for injecting the 
current to said phase adjustment area, and 

oscillation wavelength control means (8) 75 
for controlling the current injected from said 
current injection means and controlling the 
wavelength selected by said diffraction grating 
so as to oscillate a light beam having a desired 
wavelength between the external cavity longitu- 20 
dinal modes in order that a wavelength of a 
laser beam emitted from said the other light 
emission end face of said semiconductor laser 
is tuned while holding a predetermined cavity 
length of said external cavity. 25 

2. A tunable wavelength light source having a 
semiconductor laser (6) whose one laser beam 
emission end face is AR-coated, and a diffrac- 
tion grating (3) for receiving a light beam emit- 30 
ted from said AR-coated end face of said 
semiconductor laser, selecting a specific 
wavelength, and reflecting the light beam to 
said semiconductor laser, which oscillates an 
external cavity longitudinal mode based on a 35 
cavity length of an external cavity formed be- 
tween the other end face of said semiconduc- 
tor laser and said diffraction grating, character- 
ized in that 

said semiconductor laser has a phase ad- ao 
justment area (6b) and said the other end face 
HR-coated, and changes an effective cavity 
length of said external cavity upon injection of 
a current to said phase adjustment area, and 
said tunable wavelength light source further 45 
comprises 

current injection means (7) for injecting the 
current to said phase adjustment area, and 

oscillation wavelength control means (8) 
for controlling the current injected from said so 
current injection means and controlling the 
wavelength selected by said diffraction grating 
so as to oscillate a light beam having a desired 
wavelength between the external cavity longitu- 
dinal modes in order that a wavelength of a 55 
laser beam emitted from a direction of total 
reflection of said diffraction grating is tuned 
while holding a predetermined cavity length of 



said external cavity. 

3. A tunable wavelength light source having a 
semiconductor laser (16) whose one laser 
beam emission end face is AR-coated, and a 
reflector (21), having a wave selectivity, for 
receiving a light beam emitted from said AR- 
coated end face of said semiconductor laser, 
selecting a specific wavelength, and reflecting 
the light beam to said semiconductor laser, 
which oscillates an external cavity longitudinal 
mode based on a cavity length of an external 
cavity formed between the other light emission 
end face of said semiconductor laser and said 
reflector, characterized in that 

said semiconductor laser has a phase ad- 
justment area (16b) and changes an effective 
cavity length of said external cavity upon injec- 
tion of a current to said phase adjustment area, 
and said tunable wavelength light source fur- 
ther comprises 

current injection means (7) for injecting the 
current to said phase adjustment area, and 

oscillation wavelength control means (18) 
for controlling the current injected from said 
current injection means and controlling the 
wavelength selected by said reflector so as to 
oscillate a light beam having a desired 
wavelength between the external cavity longitu- 
dinal modes in order that a wavelength of a 
laser beam emitted from said the other light 
emission end face of said semiconductor laser 
is tuned while holding a predetermined cavity 
length of said external cavity. 

4. A tunable wavelength light source having a 
semiconductor laser (16) whose one laser 
beam emission end face is AR-coated, and a 
reflector (21), having a wavelength selectivity, 
for receiving a light beam emitted from said 
AR-coated end face of said semiconductor la- 
ser, selecting a specific wavelength, and re- 
flecting the light beam to said semiconductor 
laser, which oscillates an external cavity lon- 
gitudinal mode based on a cavity length of an 
external cavity formed between the other end 
face of said semiconductor laser and said re- 
flector, characterized in that 

said semiconductor laser has a phase ad- 
justment area (6b) and said the other end face 
HR-coated, and changes an effective cavity 
length of said external cavity upon injection of 
a current to said phase adjustment area, and 
said tunable wavelength light source further 
comprises 

current injection means (17) for injecting 
the current to said phase adjustment area, and 
oscillation wavelength control means (18) 
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for controlling the current injected from said 
current injection means and controlling the 
wavelength selected by said diffraction grating 
so as to oscillate a light beam having a desired 
wavelength between the external cavity longitu- 5 
dinal modes in order that a wavelength of a 
laser beam emitted from a direction of total 
reflection of said reflector is tuned while hold- 
ing a predetermined cavity length of said ex- 
ternal cavity. 10 

5. A source according to claim 1 or 2, character- 
ized by further comprising 

lens means for collimating the laser beam 
emitted from said AR-coated end face of said 15 
semiconductor laser toward said diffraction 
grating and returning a light component having 
the specific wavelength from said diffraction 
grating to said AR-coated end face of said 
semiconductor. 20 

6. A source according to claim 3 or 4, character- 
ized by further comprising 

lens means for collimating the laser beam 
emitted from said AR-coated end face of said 25 
semiconductor laser toward said reflector and 
returning a light component having the specific 
wavelength from said reflector to said AR-coat- 
ed end face of said semiconductor. 

30 

7. A source according to any one of claims 1 to 
4, characterized by further comprising 

memory means for storing a current value 
controlled by said oscillation wavelength con- 
trol means as a measurement value based on 35 
characteristics of said phase adjustment area 
of said semiconductor laser in advance. 



ing the laser beam emitted from said first end 
face of said semiconductor laser, and 

a total reflecting mirror for returning the 
light beam spectrally dispersed by said diffrac- 
tion grating to said diffraction grating again. 

11. A source according to claim 3 or 4, character- 
ized in that said reflector comprises 

a tunable wavelength filter for controlling a 
wavelength bandwidth of the laser beam emit- 
ted from said first end face of said semicon- 
ductor laser, and 

a diffraction grating for spectrally dispers- 
ing a light component whose wavelength band- 
width is limited by said tunable wavelength 
filter and returning the light component to said 
tunable wavelength filter again. 

12. A source according to claim 3 or 4, character- 
ized in that said reflector comprises 

a tunable wavelength filter for limiting a 
wavelength bandwidth of the laser beam emit- 
ted from said first end face of said semicon- 
ductor laser, and 

a total reflecting mirror for totally reflecting 
a light component whose wavelength band- 
width is limited by said tunable wavelength 
filter and returning the light component to said 
tunable wavelength filter again. 



a A source according to any one of claims 1 to 

4, characterized in that said semiconductor la- 40 
set is constituted by a two-electrode laser di- 
ode having a first electrode for injecting the 
current to an active area having an optical 
amplification function to perform laser oscilla- 
tion, and a second electrode, arranged adja- 45 
cent to said active area, for injecting the cur- 
rent to said phase adjustment area having a 
function of tuning the wavelength of oscillation, 
thereby changing an effective optical path of 
said phase adjustment area. 50 

9. A source according to claim 3 or 4, character- 
ized in that said reflector is constituted by a 
diffraction grating. 

55 

10. A source according to claim 3 or 4, character- 
ized in that said reflector comprises 

a diffraction grating for spectrally dispers- 
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(57) In an external-cavity tunable wavelength light 
source using a semiconductor laser (ID), an oscillation 
wavelength is tuned by simultaneously changing a cur- 
rent to be injected to the phase adjustment area of the 
LD and the rotation angle of a diffraction grating while 
holding the same external cavity longitudinal mode. A 
light beam emitted from the AR-coated end face of the 
LD (6) having the phase adjustment area (6b) is colli- 
mated by a lens (2) and incident on the diffraction grating 
(3). Only a light component having a specific wavelength 
selected upon spectral dispersion is reflected by the Ef- 
fraction grating (3) and returns to the LD (6). With this 
operation, an external cavity (effective cavity length K) is 
formed between the LD (6) and the diffraction grating (3), 
thereby performing laser oscillation at a wavelength 
determined by an external cavity longitudinal mode and 
the cavity loss of the diffraction grating (3). The effective 
cavity length K can be changed in accordance with the 
current to be injected to the phase adjustment area (6b). 
A current injection unit (7) injects the current to the phase 
adjustment area. An oscillation wavelength control unit 
(8) controls the injection current output from the current 
injection unit (7) and the rotation angle of the cfiffraction 
grating (3). 
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